
AD-A286 883 rotm tpp

DO CUME NTATI ON PAGE Ap~

I. A6UiCY -US1 ONIC' 3( bjO 2 P oR A
1 3  3. REPORT1 TVP( ANDO OATES COVfRIo

6/10/96 Final, 9/29/92 - 9/30/95
.L0.1 ANO SUBTITL A study of Diamond & Diamond-Like 5 •U•ON6 UM31U3SThin Films with Appl ications to Large Caliberj.• Electric Guns & Associated Energy Storage Devices DAAA21-92-C-0080

(Capacitors and ___t_t r _ ___-

I
Dr, Elvi ra i I 111i ams , P.].

II Caro lna Agri cuu tural ano 1 ech n; cal SI a t at(-, ,
1(n0 ve S i zot16(01 last M aý'r ke t S tr 0eet 0.- 6 > 5 I
Suite 305 Dowd) Building
Greensboro, North Carolina 27411

l I ( ) uAG(11 RI [PORT NuJ',III-.Ri+Depa+rtment of rm
U. S. Army AMCCOMl2 Picatinny Arsenal, NJ Urknown
07806- 5000

U i ted 1 96-01374

n interdisciplinary research team of A&T Physics and Chemistry facultynd students ( graduate and undergraduate) successfully deposited thin
liamond-Iike cardon (DLC) films on substrates provided them by ARDEC,
s proposed. The substrates included aluminum, alumina, copper and:opper chromium. The films were grown by the Plasma Enhanced Chemical

.apor Deposition (PECVD) method using a deposition system by Technics
Inc. The films were characterized by their indices of refraction
measured using a Gaertner L - 117 ellipsometer) and their Raman
ectra (measured using a spectrometer at the University of North

Varolina at Chape I Hill, Chapel HillNC). Graduate studies ( I M.S.
I Ph.D. dissertatiuns were developed from this study. The M.S. thesi
was comp' ted by and A&T Chemistry student by t.he close of this projecciImportant dielectric studies were done by the Ph.D. graduate student
at the Institute of Advanced Technology at the Unversity of Texas at
Austin, A.ustin, TX.
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L. FINAL TECHNICAL ACCOMPLISHMENTS SUMMARY

1. First Quarterly Technical Report (October 1, 1992 - January

26,1993) Summary- Year 1

During the first quarter, the project was staffed with a principal

investigator (physicist), two* co-Investigators (1 physicist, 1 chetnist), a

part-tlime secretary, one graduate student (chemistry) and twelve (h I

undergraduate (physics and chemistry) student workers. [Note: Budget

revisions made by ARDF.C, reflected a $3,187 cut in oecretarial services, but

a net $7,846 increase in overall proposed first cycle funding, which the
1-- Investigators were autlhorized by ARDEC to expend as they saw fit. The

choice was made tc use the net increase for the first funding cycle for
student workers]. Also during the first quarter, lab supplies were ordered,

new staff was trained and Investigators began work on tie proposed tasks

set forth in Appendix A, which were originally scheduled to begin In May
,1993. Pdso during this quarter, on January 11, 1993 the principal

investigator and both co- Investigators met in a collaborative conference

with Marilyn Freeman (ARDEC Contractlug Officer's Represen~tative and

researcher at both the Institute of Advanced Technology (]AT) at the

University of Texas at Austin: and at lhe Electrical Armament Division of'

ARDEC) at N.C. A&T State University. Together they generated a more

realistic task schedule that took Into consideration the thne thie award

was actually mride which was later than expected. The revised task

schedule is Appendix B.

One co-investigator was placed on staff in October at thc begimilug of tie

project. The second was forimnaly added In January, 1993 at the begignnihg of

the second semnester, becausc lis department (Chemnistry) was unable to Ibid
replacement teaching staff for lIls classes (which began InI Augusi) hiI October.
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2. Second Quarterly Technical Report (January 27, 1993 - April 26, 1993)

Summary - Year 1

During the second quarter, tihe N.C. A&'1 State University research lcain

members concentrated onl characterization of the deposition clianiber

(See Appendices C and D) the x-,y-,z- directions for diamond deposition
using silicon substrates as standard, as was proposed. They found that

deposition depended on r-,y-,z-. Note: 'Fle chemristry members used

Lifrared spectroscopy to characterize the damond and diamond-like ca ibot

(DLC) fihns.

The physics team members deposited and characterized the flins. As
proposed, they deposited ihe flints using the Plasma Enhanced Chemnlcal

Vapor Deposition (PECVD) technique k, their Plasmna Deposillon Clianpber
by Technics, Inc. Also, as proposed, they characterized the llhnis
using a Gaertner L-1 17 ellipsometer to ineasure their of indices of
refraction.

3. Third Quarterly Technical Report (Aprll 27, 1993- July 26, 1993)

Summary - Year I

During the third quarter, the N.C. A&T State University research teanit
members continued to focus on characteization of tWe delpsition chaniber

in Lbe x-,y-,z- directions for diamond deposition using silicon substrates, as
standard. Investigations of tihe variation in -z gave rise to some very

interesting fringe and deposition patterns associated with spacer type and
with electric field effects which the team began to consider. Also, as
proposed, the team deposited a DLC flim on an aluminum substrate

mprovided by ARI)EC (desidtated as E xperiment. # 1, see Ap•.ndix E r
experimental detail). This deposit was made during a collaborative researchl
visit by Marilyn Freeman to N.C. A&T State University In June of that year.

This sample was taken back by Marilyn Freeman to IAT for adhesion studies
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and oilier observations. It was later brought to a Collaborative Conference

at ARDEC In Juie with Kern Strickland and Greg Pappatrefon of ARDEC

and the A&T research team. Here It was determined that cleaner flhm
handling procedures prior to deposition were needed. Also at the ARDEC

meeting were: Dr. T. Richard ,low. Research Physical Scientist at Fort

Monmnouth, N.J. and Dr. W.,l. Sergeant, James Clerk Maxwell Professor of

the State University of New York at Butffalo. Other accomplishments at the

ARDEC meeting Included reports on: I) the contract status and recent

visit to A&T by Marilyn Freeman, 2) technical accomplishments to date and

chamber characterization results by Elvira Williams, 3) IR analysis of DLC

flins to date by Alvin Kennedy and 4) analytical tools or techniques required
for flhin characterization and desired equipment list by Jolhnnie Richardson.

A discussion/planning session was also held in which It was decided we
needed to: 1) design so.me experiments to fill In the gaps/holes In chamber

cbaracterization data, 2) design some experiments to get the most mileage
per experiment, 3) design multiple experiments to study a single fihn

characteristic, 4) eWabhlsh a cleaning procedure, 5) establish mechanical
testing procedures 6) use witness plates to determine deposited mass, 7) do

reliability measurements and 8) reschedule current tasks to accommodate

new and revised tasks. Ulx)n their return to A&T, team members COmp)lctedl

#1 abxve and either continued or began working on W's 2,3,4, and 5.

4. Fourth Quarterly Technical Progress Report (July 27, 1993 - October
26, 1993) Sm. .nary - Year I

During the fourth quarter, focus was on i. e Ibllowing:

(1) continued chamber characterization. (It was determined that the

deposition process was affected by all substrate positions, -x ,-y smd -z'

_mW- 'S
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(2) designi•ig •-cperhiients to get the most mileage per experiment,

A collaborative research meethig was held at N.C, A& Stale University on

Septenmber 24-2(6, 1993. Atetiidees .ri the ilicetitig oni Setcialcxr 24, 19!)9:
were: The A&' I'researcleCoin (Di)rs. Alvih Keiinedy, ,Johml e

Richardson and Elvira Williams), Marilyn Freeman and Dr. Persad

Chadee from the Institute of Advanced Technology (IAT) at the University

of Texas at Austin. Attendees on September 25, 1993 were: Marilyn

Freeman, Elvira Williams, Dawn Fant, and Donald Anderson (Chemistry

grad students), A. Akpan (lab assistant). Attendees on September 26,

1993 were: Marilyn Freeman , Alvin Kennedy, Elvira Williams, Dawn Fant,

Donald Anderson, and A. Akpan. During the technical meeting on

September 24, 1993, Dr. Chadee suggested a most-mileage experiment

in whiel sub!Arate type and x-,-y, and -z positlonis were to be varied in a

single run (See Appendix F. p.4 for description of experimenmt).

(3) estabilshi ng a routine substrate cleaning procedure (acetone bath)

on all substrates and an etching procedure (ushig NaOH solution on

selected aluminum substrates)

(4) deposition of DLC films on alumnimin (to replicate the results of
Experiment IH 1 - reported on in the third quarterly report- but this twliic

with cleaned substrates). Also, deposition of DLC films on copper and

copper/chromltan substrates provided by ARDEC was a focus.

The purposes of these experiments (See Appendix F, pp. 5-27 for

experimental detail) werc to: obtain prelmilnary temperature prollies

using he'll tapes, replicate results of Experiments# I with cleaned

substrates, obtain samples of DLC fiMaw for further anialysis by test
xnl•16lods other than those currently avalla .e at NC A&T, coat. with I)LC
filmn a Cu/Cr coated ARDEC pI'te, and determine (flects of raising Rf

power on quality anid charucteristics of caroon Illinz (DLC) oln various

-4-
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substrates,

A normalized deposition rate (NDR) was defined in connection with 0

varlatlon of deposilion ralc with Rf power anit height (7) hiskic the

c:ihamber. NDR was defined as inass/aca* time.

Experimental results suggests: (1) The (dCe)osition coluposllo I' s troligly

dependent upon the power, Hi1gh power levels (120 W) tends to produce

more graphite-like carbon structures. (2) The deposition rate Is strongly

dependent on the power, and increases as the power Increases. (3) The

deposition rate appears to decrease as the height of the substrate in thie
chamber increases. (4) The type of substrate and spacer used seents to

affect the deposition rate.

I

(5) Electric Field apprexiinations ai flim surface for metal and glass

spacers. See Appendix F, pp. 28 - 39 for discussion. Preliminary

modeling of the electric field between the plates of a parallel plate

capacitor (representations of the deposliton chamber) suggests:

(1) The localized electric field above a substrate on glass or metal

spacers predominhates. (2) Inside the chamber plates, vacuum, spacers,

sublitrates, DLC filns, all form a series capacitor arrangement. (3) The

top capacitor plate is at 440 volts,

(6) thickniess measurements of DLC films on silicon wairrs/glass

substrates, These analyses were made by Marilyn Fremani at sites other

than A&T. Such measurements (using a Dektak IIA surface profile i
measuring system) revealed that our films were from 3500 to 7400

angstroms thick.

4I
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5. First Quarterly Technical Report (October 27, 1993 - January 26, 1994)

Summary - Year 2

On December 13, 1993, a collaborative research meeting was held at Pie-
atinny Arsenal In the Nuclear Division. Attendees: Alvin Kenny, Johnnie

fRichardson, Jr. and Elvira Williams, Marilyn Freeman and Greg Pappa-

trefon. Major shared observations were (1) that deposition results

depended on whether spacers were conductors or Insulators and (2)
It was unclear whether the top or bottom plate of the deposition chamber

was at ground (the manual (lid not specify). The team designed some
experilments to shed light on Ihese Issites. The experlnents were
to be carried out at A&T with Marilyn Free parltclpating in the Cxl)CrL-

merits. The experiments were conducted.

Also while at Picatinny, the team toured Greg's lab and had some profll-

omneter measurements done on some of our films and lound their

thicknesses reasonable. The teani also toured the Optics Division at

Picatinny to try to get some Ranman measurements on the flhns, but they

were too thin to yield usable results by the method used.

While In New Jersey (on December 14, 1993), the team also toured the

Electronics section of Dr. Richard Jow's lab at Fort Monmouth. Dr. Jow

agreed to make needed capacitor measurements for tie team. The team
also toured the Diamond Deposition lab at Fort Monmouth.

When the A&T segment of the team arrived back home, they did the
"grounding test experiment. The grounding experiments consistedI of

mneasuring tile voltage versus power between the chamber plates which

showed an increase of voltage with power. Front these experiments. it

was determined that the bottom plate was at ground.

A collaborative research meeting was held at A&T December 17-18, 1993.- 6
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with attendees: Alvin Kennedy, Johnnie Richardson, Jr., Elvira Williams,

Marilyn Freeman and Mr. A. Akpan (research assistant). The team carried
out thle experiment that was designed at the Plcathiny meeting Io D

determine the effects of grounding the metal substrates on the qutallty

and characteristics of deposited carbon tllrns (DLC). This experhiuenit was

"labeled Experiment #4, since it was tile 4th expeihnlent that. the team did

together. The details of this experiment are in Appendix G.

Experimental rcsults suggest: (1) At 30 W, the substrates whiclh were in

contact with the baseplate have a higher deposition rate than the

substrates on Insulating glass spacers. (2) For both types of spacers, the

"deposition rate decreases as the height Increases. (3) At 90 W no unifornl

44% fim was deposited onl the substrates in contact with the baseplates. There
appeared to be remains of etched flin on ýIhe surface of these substrates.

"The deposition rate for these flins were calculated from the debris on the

surface. It is possible that a Wim was formed, but the etch rate exceeded
the deposition rate for these conditions. At any rate, thesc results clearly

demonstrate that the electric field near tlhe surface of tile substrate

strongly influences the DLC formation. (4) The surface of grounded

substrates ( 1 Cu, 1 Al) were etched away, while the surfaces of floating

electrodes ( I Cu, 1 Al ) were coated with uniflbrn DLC Illhis. The
substrates were all in the chamber at the same time and part of the same

run. Under these deposition conditions, the Cu and the A depositions

rates were the same, while in previous experiments, the Cu deposition

rates were lower than those for Al. The dlifferences could be da:c to the

different local electric fields for the two experiments. (5) For Cu sub- 5

strates on glass spacers, there appears to be a linear rclatioInshil) between

power and deposition rate.

"The complexity of the deposition conditions needed for DLJC films

required that we begin to consider using experimental design technilques

to determine the Important deposition factors.

-7-
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6. Second Quafterly Technical R~eport (January 27, 1994 - April 26, 1994)

Summary - Year 2

Aside from weekly senilniars with faculty mid studenits to discuss and

planx project evenits, the following other techniceal accontipllsbuienlts were

made-

I. -Fabrication of 2 workinig Al-DLC capacitora (Al coathigs donie at

ARDEC, DLC coathing doae at A&T). Capacitors gave dielectric data,

although they dlid show sigus of leakage, possibly due to pinhloles.

2. Made mull Ramuaii readhigs of selected flims (miade at A&T) at Al")EC.

3. Begani to compile a data base of all runs; done at A&T' to date to look

foe asuremens mande otther JAT). aing tatnoud sptiltaitterll oudsuggest-

ed crystallhie flim compouctnts. X-ray diuhactiott patternis suggested

artorphous fllut which col erelated to gralum size.

*5. We studied closely a paper, "Fowards a Genieral Conicept: of Diationld

Chiemical Vapor Deposition" by lBacknioii anid others, as it relates to our

work. A Diamonld anid noni-diamonid growth regoion based oni the ratio of

atoms of hydrogeni (or oxygeni) to Lhe total niumber of reactanlt gas atoims.

F(Riour 22.7 sccnuiCl 4 to 50 sccm II, DLC illms, our ratio was

calculated to be 0.894 as Ibliows:

(90.8 + 100) sccxn/(22.7 + 190.6) sccmi 0.894.

WetedIhe capa"111ty or our deposition systexi as it reiates '

to duplicating the reactanit gas ratios discussed hii that paper.

6. We comipiled a list of 9iamond Thtin Fiilmis journials.



7. We hield techinical mneetings at A&T (Marchi 15-16, 1994) In wlhclii

exp~erlinents #5 and 46 were performed. The objectives of thiese
experiments were to obtain thiceker filins tWan th-ose previously deposited

on Al-on-glass plates, make capacitor devices Fromx thien and
to analyze tike devices. Tile experimental procedures are in Appendix 11.

7. Thirdl Quarterly Technical Report (April 27, 1994 - July 26, 1994)
Swuimary - Year 2

Aside fromn the shiaring of technical Information and updates at thle
lnvestigatori' meetings and stall seminars, vuery little technlical acconli-
plislimtnet hII tile area of fim deposition was made. This was because of' a

breakdown of the Dlow contr-ollers oil tle deposition systemj and thle lonig
subsequent delay in thle mianufacturer's shilpment. of the new flow meiters
and accessories that were ordered.

Thle new flow meters are calibrated to accommlodiate a single type rcactanit
gas. This eliminated the need to calibrate the multi-gas flow

controllers of the old system each time a new reactant gp3 is used.

The replacement parts were delivered Jutly 21, 1994 just four days be-D

fore the close of We current reporting period. This dilemnima caused

uts to have to cut one of our two phiysics professors from (lie stafl for the
month of July. at lo iii May, witi tilie close of the academic year, the numi-

ber of student workers was cut. from 12 to 2 (1 graduate and I umidergrad-
uiate). Graduate student, Dawn Fant (Chiemistry), began to clearly deflne
a thecsis problemi, whilch was rcpor~ed on III subsequen't qjuarterly reports.

Because of tilie flow mncter probIlem, a jplaiced techinical mieeting betweenl
A&T and Marilyn Freemani of TATI/ARDEC originally set (Or July 11I - 15,
1994 was cut to July I11- 13, 1994. Instead of doling experiments,

-9..
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Iimvstigatorn at this nmeeliri ashared techniical informxation ar i piatinled
future events. It was decided In that meeting that a no-cust extension

request shiould be wrade in order for It to be possible for the team to lia'.

time to to fulfill orliginiaI/revised contractual obligations to ARDEC. Thei
specific planned technitcal accomiplislimlerits thr.{ comne out of 'lie July
techinical meeting that will fulfill all original/revised contractual

obligations were reported in the Planned'Techinical Accomplishments
section of the July 26, 1994 Quarterly Report. Thils section of the report

KI ~ Is reproduced hiere as Appendix I and consisted of a to'-al of 12 more

8. Fourth gatryTechnical Rleport (July 27, 1994 - October 26, 1994)

Principal investigators, Elvira Williams and Jotinnie Richiardson, -,long
withi one graduate and one undergraduate student, continued to hiold

weekly seminars and to work on. the project during the summuer of this

reporting period.

Very little techinical advancement was made durinig thiks reporting

period because the vacuum pump failed. Delays ass, 2iated withi this
failure, along with those associated the gas flow controllers (reported oiljixtnsino the pr ojosurecly freomt tmader 30, 1994sar to Mrcqes 30 1995.s

exeniolo the prevjus euatel reor)nialepiteme necssary to Mreqes a0 1o-cos

We made tWe request. It was granted. But, because nio additional funds

were received, the staff liaci to be cut.. f lowever, all Viwee A&T professors
continued to work onl the project, Thme professors were released Leom thleir
fromn their normal duties 16% (Richiardson), 2% (Wilil~ams) and 0%

(Ketiny). Also, I mndergraduate and I gradmate student contimued to be
paid fiom ARDIEC fuiids. F'our (4) PENS (mindergraditate.) stuidents'also
worked on time project, but were paid fromii oji-ARDEC funds.

L 410-
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Mrs. Freeman met at A&T for another in the series of technical meetings

on the projects. During this meeting (October 24-25. 1994) successful

deposition runs were made on the 12 remaining experiments since the

problems with the flow meters and with the vacuum pump had been

solved.

Graduate student's (Dawn Fant - Chemistry) thesis work continued

with detailed progress reports imadc In cachI quarterly report.

9. First Quarterly Teclinical Report (October 27, 1994 - January 26, 1995)

Summary - Year 3

The principal Investigators and students continued to hold weekly

seminars and to work on the project. We continued to hold technical

meetings between A&T and Marilyn Freeman of IAT/ARDEC during

which we worked on the remaining ARDEC experiments. During this
reporting period these meetings were held December 11-16, 1994 and

January, 14-16, 1995.

42 Near the end of the last reporting period, the A&T segment of the team

began a collaborative research effort with researchers in the Physics (Dr.

Laurie McNeil) and Chemistry (Dr, Eugene Irene) departments at the

University of North Carolina at Chapel Hill, Chapel Hill, NC. The A&T

team began traveling to the University of North Carolina (about 50 11ifles

away) where they spent Monday mornings obtaining Raman spectra of

the DLC filns produced In their lab at A&T. This work was done in Dr.

Laurie McNeil's spectroscopy lab.

To Increase productivity ({.e.to reduce down time In the lab) and,

therefore, to make the lab more competitive In generating funds for 5

continued operation, the following pieces of equipment were ordered:

41 -i-
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1. Rotary Vane Vacuum Pump
i 2. Helium Neon Laser

.,. ' 3. Power Supply for Laser I
.4. Mae Perform1a 475 Computer System & Ethernet Transceiver

The graduate student's (Dawn Fant - Chemistry) thesis work continued,

with detailed progress reports made in c-.Qlh quarterly report.

10. Second Quarterly Technical Report (January 27, 1995 - April 26,

1995) Sunlmary - Year 3

The principal Investigators and stude, ts continued to hold weekxy

seminars and to work on the project. We also continuedi our collabo-

rative research efforts with the University of North Carolina at Chapel

Hill.

The equipment that was ordered during the last quarterly reporting

period was received and Installed, as needed. lHowever, delays associated

with equipment failures (previously discussed) necessitated a request

for another no-cost extension (from March 30, 1995 - June 30, 1995).

The request was granted.

Graduate student's (Dawn ATSU Chemistry) thesis work continued,

with detailed progress reports miade In each quarterly report.

11. Third Quarterly Technical Report (April 27, 1995 - July 26, 1995)

Summary - Year 3

The prhicipal Investigators ani stuidents continued to hold( weekly

seminars and to work on the project. We also continued our collabo-

" i';I



rative research efforts with the University of North Carolina at Clhapel
A914 Hill.

We continued to have technical ineetings between A&T and Marilyn

0 Freeman of IAT/ARDEC. During tills reporting period, Marilyn Freeman

was at A&T May 8-9, 1995. During that time, Marilyn conducted Rainan

spectroscopy experiments on sonic DLC samples at the University of

North Carolina. Essentially, all necessary ARDEC experiments have been

completed at tie thie of tills report.

In addition, to tile graduate work related to tihe ARDEC project that has

been taking place at A&T, Marilyn Freeman has been working on work

towards a Ph. D. In Mechanical Engineering at the University of Texas at

Austin.

Albs In order help with the upgrade of our lab, ARDEC has donated soine
J• badly-needed, clerui room equipment to A&T (see following page for list)

for use in the Plasma Deposition Lab. However, some procurelnciit

problems have prohibited us friom receiving the equipment as part of tile

existing contract, which ARDEC agreed to do. -owever, to allow frone br

June 30, 1995 - September 30, 1995.

12. Fourth Quarterly Teclmlcal Report (July 27, 1995 - October 26, 1995)

Summary - Year 3

'rThe principal Investigators and students continued to work In the

lab with concentration mainly on nhaXlin1tiin mileage experllients. Thie

graduate student In Chemistry ( Dawn Fant) at A&T and Mrs.

Freemnw (ait IAT) .Qninued to work on their thesis problci3s.

A13-4



During this reporting period, Ms. Fant completed the requirements for

tier master's degree in chemistry and enrolled In graduate school to

work on tier Ph. D. at tlie University of North Carolina at Chapel this

fall. t. copy of tile abstract of her thesis entitled "Chiaracterization of

Diaonild-Like Carbon Films Using Two-Level Factorial E~xperimenetal

Design" , Is oil thle following page. Dawn successfully defended her

thesis onl August 2 1, 1995.

Although we have not. yct received thle equipment dIonatcd by ARI)EC,

we are cont1inuir~g to make efforts toward that cud.

II. PLANNED TECHNICAL ACCOMPLISHMENTS SUMMARY

Workikng oil tile ARDEC project has been a richly, rewarding experience

for the A&T faculty and students. We greatly appreciate the support

that has be been given to us. We plan to continue to oper-ate the Plasmia

DeposItion Laboratory. but withi greater productivity because of thle

help that we have received fromn ARDEC.

We will continue to watch for Broad Agency and otlher announcements

frokiv ARDEC and plan to submit competitive proposals for projects that

are of mutual Interest to ARDEC aid the principal Investigators of the

A&T Plasma Deposition Laboratory.

-14-



DEFENSE
Department of Chemistry

North Carolina Agricultural and 'Technical State University

CIlARACIFIRZA]ION OF DIAMOND LIKE CARBON FILMS USINO TWO LEVEL_
FACTORIAL EXPERIMENTAL DESIGN

By

Dawn I leather Fant

There ate many chemical vapor deposition (cvd) techniques that have been used to
synthesize diamond and diarnotid like carbon films. These different cvd tecliniqies have all
proven to effectively produce diamond and die Milms, However, some propetties such as lilm
quality, growth rates, mid thrickaiesaes vary rorn technique to technique. Very little is known about
die actual chemistry involved in dte cvd system and as a result there has been an onl going quest to
opthniie the different deposition systems. l1cere has been a tremendous amnount of work done to
determilne did best processing paramneters for time synthesis of these films fbr many years.

"Thiis :esearch focused on using the first level of a two level factorial design to
characterize a tadio frequency plasma enhanced chemical vapor deposition systemn. ExpemimeutnI
Desigi Is a igtntlutioa Iiathmematincal model that is most oflue used in chemical and engineer tig
plants to optimize chemical and manulhiotut lug prcesses.'his model aedtuceq the nwmount or(
experiments needed to gatler a sufficient amount of infommation, deternmines inipottant

] ~ ep e rii en t al fa c to rs a n d d ie ef fe c ts d in t v a ry in g f acl t os s hn iu ltm ui eo u s ly hia s o b tile sy .•t ea .
Substrates were placed synnneirically in four positions in dte deposition chamber. RF power wvas
varied between 30 and 155 watts, substrate heights were varied using glass spacers between 0 and

x7 mm mid gas flow rate ratios were varied between 25 and 4i5% C0 4 - 11, ratios. 'Tlie films viere
characterized using mass determxination, profilometry, ellipsometry and FTI7R. Tliese
characterization techniques were used to determine the important main and interaction eff•cts
associated with dic fihl deposition.

MONDAY, AUGUST 21, 1995
12:00 PM

l)OM 101, HINES HALL

-15-

I ,



2 I111. FINAL FINANCIAL STATEMENT (For- months ending July,
August and September, 1995)*

1) STUDENT WAGES ...... .................. 50,976.00
Amt. Enctunbered/ L--'te

Spent: 50,971.00 9/30/95 Balance: 5.00

2) LAB SUPPLIES..................................................22,531.00

* IAmnt. Encumbered/ Date

Spent: 22,523.00 9/30/95 Balance: 8.00

3) OFFICE SUPPLIES................................................ 283.00
Amt., Encumbered/ Date

Spent: 281.00 9/30/95 Balance:

2.00

4) OFFICE EQUIPMENT.... ........................................ 760.00

Amt. Encumbered/ Date

Spent: 753.00 9/30/95 Balance: 7.00

5) SCIENTIFIC EQUIP ........................................... 12,635.00

Amt. Encumbered/ Date

Spent: 12,628.00 9/30/95 Balance- 7.00

6) TRAVEL.........................................................8,735.00

Amt. Encumbered/ Date

Spent: 8,443 9/30/95 Balance: 292

*Expenditure and balance entries are from P. 1. records, except where

Indicated from attached University Records



Finanicial Statement (cont.)

for months ending July. August. September, 1995

7) MAINTENANCE ................................. 0.00

Amt. Encumbered/ Daie (3,000 transferred)

Spent.. 0 9/30/96 Balanice: 0.00

A ~~8) EPA SALARIES............................................138,640.00

Amt. Encumbered/ Date

Spent: 138,640.00 9/30/95 Balance-, 0.00 i

9) FRINGES................................ .................. 33,274.00

Amt. Encumberedi Date

Spent: - 9/30/95 Balance: 10,738.94

(University Records)

10) INDIRECT COSTS ........................................ 107,182.00

Amnt. Encumibered/ Date

=Spent: - 9/30/95 Balance: 15,252.41

(University Records)

Total Contract Period: September 29, 1992 to September 30. 1995

Total Contract Amount: $378,271

Funding to Date: $378,271

-17-
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Appcndix A

Proposed First-YearlTask Schedule
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AppenldixA
Proposed First-~Year I-ask Scliedulje

Cl~r c~e I Ou (i a~ul)GI (An~y 1992 jur I99

cont FIin Glass Samiples Jul 1992. JL11 199?'

('(),~1~ Alie (itimi~ls~ ~inrle Jul 1 992? Au9 9

I ~~i Airitiii~/hiiirn rr 1992 1Ppc 199:'

(goat hacle'li Je~ SanrjI n S-'ll 992 [mv 199:3
Cl rCtofilzo losiler/ SMnildos, hin 1 932 Iec19

Via (oelfr~he~/'oyu~ih?~ Ja 19931 [pt, 19(:1

("ontha Metal!; (Mulle 111,1n Croppw MA I 99:3 Apr U19A~

(lummAc.erizu ti~lal Samprle?; /\pi I1993' Maiy 1 99 5'



Appendix B

Revised First-Year Task Schedule
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AP)~endix 13
Revised First-Year Task Schedule

'I fie piliiclpaid 1IwrvStgatoa atid botli co-dIxlectot S Mzet NwIth Mrls, Max 113111 Ii c
ixi.Coxtxaua office IZept eseia Lrive. at Nor th C~aa ()Ili a A&-' State U1xve 11 IMY
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mnadeC (nrear the end of. tlie ratIl Seaaaestea):

Clzaracterize Deposition Chilaiber (XY.7, JaI1LI.113r May. 1993
upffirdtlafon: coat silicon wvafieug usliug 0
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(2int- acterilze Flm.-s on Sihlicon Jhlmxnaj)y Masy. I 993
-. llrcluiess (Weight aver ages. Ually

-Index of tlefir clirna (elllpsoaxci dy)

X-lay (lIffhnctlolIJ
-Ad hcrei ice (ila'situa cI car li xig to asslst

lUeview (COUR -uid reseax clicis 11aCctlrag) May. .1993
- Exnrinitie Data
- IExaniurl z x (Ira(/ga nul is (dec~;ailbin g

C.xpedniiientr, rinid a esuilfi

- Strategize (basrd oin I eS11tk)

Coat Aeon U3.as's Sampljes JtueAi 1 t 1,993I
Chiraacter ize P-nts(an glass)

Coat Af 0oil glass samiple";

Chixaacterilze VI~laas (rnod glasqs)

R~eview (COR Cutid ReetSr ctlie S M-0iii Ig) Atigiis. 1 943
- ExFuInlne Data
- ExaxaihrxeC Cliails/J p (desea IbInig

ý)11, ;r 1~ze (1), .sed l In (.!;qI~ ;

,~gNt (oa(liqig ( Njj c Fitas-a;~F 1 I~~~ !
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Appetidix C

Schematic Diagram of' Deposition Chamin?)cI'
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Appendix D

Photograph of Deposition Chianber- Showing

Jiaseplate, Cover and Sonmc DIX Films on Basepiate
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ScaiIs~/S1)ot.) wecr tkenl a(. four (liffniut rloc~oi

each wvafer. Each location wras approxhiuial.cly 90)~

fromi eachi of-ier.

Figure-, C--3 canid (2-' shows ( lie 1'ilI spCuira betweei

1350 and 11I50 c~i'i as n Iii icliIoi of* heiigh t For 30 an '1(I20

wa:tts 1Csp-(cli vely. All specl ia luiive .1pa k a~I l H/ '1'1) 1

Whuich corresponds(1 I() a (Af 12 01 C'If ( leloiiat.ioii. Thi' s Is

CoIlulslscii1. Wvith tlhe [criiiiiil ,1 oil (A (Ilaillolid re(,gton I Ill Hli

filhuu by theIse groups1).

Figures C -5 and (-"-- show (OSIlie PTuR spec~tra bel-weenl

26300 and 3200 cur-' as a funictioni of height. I'm 30 and 120

wat~ts respcctivcly. Thei weak sjpcc-ra at. 71nmni and .1l4minu ior

[lie 30) watt specitra arc ( lie resuilt of (lie lower hran suilissiala

St walcisg used. All spectra display a Jpe.ak iicar 29J20 ciii

which C-Ts 1 )olids to a1 C1I Si cl~clh 1-a C112  Moiclli group.

'11118 strongly siuggestg(s 1li11. Hie 1111 arefliis~[ teI-liulila'tedl

WVilli CA '2S "pos( 1)Oe(l o I
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FTIR Transmis�on Spec�a vs Height at 120 watts
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F ! [jue (C-5

-1IR Tranrsmission Spectra vs Height at 30 wa[ts
CA11 Stretch legjioll
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HII I(11~!I~33i~)Spectro vs [Height4 a[ 120 walld
CI I Sit otcl toqion
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Figures (C-7 and (3-B shows [lic Ui'IR spect~ra between

1.550 and 1800 (,,111 as a funictloi of height For 30 and 120

watt~s res,,pectively. 1~gtigre C-B Shows strunig lIR imaks

between 1(600 (,111" id 1650 cmuf' , Whicuhl Is [heo sp)cch al

region Where carl )011 douhl e hoiid ISti e~telics ((C=C) 1istial"ky

ai~iear.TIhis su gges I. (1) al. af. t ills powerl ii iore ii ma I B11"

carhoti (.)I- graphiute l.yI) (colIpoI sil lolls areC beIing hc*ii I 1ml(.

Thiese c~a rbl.)l-carIM)11 doubled hioli IFeat tires are prcesvidi. at: all

lIII1 d~ af.,~ i~e oh l 30 %wal h ( li'ilt 0 (" 7).

*1 3. Surnnimy

A) Th'le (ICIXsitot (11c01ImjositImi. Is sI roigky (lepel mlen t.

111)011 the power. Hi gh po(We t.I lvels (120 Wal ls)

fetrs to rdueres. ie a-h

13) '1li to lposilol 101jl e Is Slu101 gl~y depenidenit. Ilium I 1w

power, rand i11cICelses as the power lIncreases.
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C)The deposition vale appears to decrease as the

height of [tic substrate Ini (ihe chamber increages,

D) '1liC typeC Of SUbStra~e. and spacer ulsed1 seciiis to

affled t~he (iposlUmi i i atc.
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(1j1ACtt~k (Cpec fEibISof the (I11-p0n I 1101 chii 11. )i ibka Ilol .loW ill Ih IC eIxt(SV f'

lii ttcsetkiutQ15. (tI W3511111)f1lhIf llit(" 1 I: (I (III,' hwnhI17,VI ch-cic.t It 11(+1 ;Ihlmir -

attbmtta EtA oil ginss;(i itido qpjj(-~~i pjj cdotijlIIslII(', (2') viw(:t11tiI, mfIcUI0,-1t.ltO('

I.JA flintxs, nil wi~thl mIea A, Uoitit it 5(1 Ic Ill ttll citii~jUtlltti. 1 Owe lopi c'lt,)O!II

plate is at. 440 volts.

Alsou Ill 1licsj miod~els, thte fohlowla ig sy at aols aiwe immia (heloized!

Iitcaac]amiy

U "~ the v(1igtvj¶
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-se leg Aid ParecttetkIoreL tel. 2v'~to~.z: co1?ji' AV.227

"Mude.ill Aiiootel PhL Copm-H us IL tA out l y

1U'ý (C+,VA2)/2

Volbille A+d

I(7 I l
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5A p Nhid lcie Ou Lpu UniCt- Coyvuien[
C 2~26E-12farads Uie copcilacitoce

1 &95E-i2 eO coulonibss
10081 A in de cireu of- [le cUIYIciIIoI
.0325 di III he heigh[ or (Lie copocitoi' qp

Z. U21351E-7 jou'le
440 V Vol [s dlie po~eifltiol (t: (Lhe top)Jl([

957 .1-; vo'l [-s/n, the e I ect-ii: f'it teld
*vol1.uiie .00026325 icubed Lhe volnime oF tlie dleiecledr'i(
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R6 e
"Model #Z - A parallel pctie (c:cpaci.0or filled compleLely with

"va single dielectric k

C = I*eO*A/d
* 11 C*((VAZ)/2

* U (I/Z)*eO*k*(EA2)*VOuillie
* voltue - A*d

frI

I j

kI

14

,.. .
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-n$_ Uni CutwienL
C 1. 74WE-il orords

1,7 k
8,85FE-12 eo o CIJoitMIISS
?.0081 A Illsq
.007 d III

U 1. 6852E-6 joules
440 v vohUS

E 44446. 712 vul Ls/m

voluLme ?.0000567 nicubed
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-Model #3 - A paraLlel. plute copucituor -fillIed with
"Idt~tecbljcs kI. anid

c

U= C*ý(VA2)/2
*U1.- (i/2)*eO*jkI*(E1A2)*VOtL~jljej

UZ2 (I/2)*eO* kZ* (EAZ)*Vol ume2
*volumel1 = A*di
Svolume2 A*dZ
*E OtphUt lEi
*E -be~cI*I3

* U.U + u2

.1 k2



SI 1LuQlt t&kAe QUPL Uni L _____

C 2.869E-12 rouds

,0081. A IIIS(l
.0325 d v

tU :?..7771L-7 joules
440 V mcubed
13538 vol. I:s/oi

volume ItIcubed
1.86 Id(
1 k2

Uli 9.5004E-7 joules
El. 45119.647 vuo lLs/m
vol unel .0"567 mcubed
Uz 3.4174E-7 joules
EZ 19336.445 joules
vol ume2 .00020655 mcubed

.007 Ai

.0255 d2 Z
G ,30004667 (Jlpha b

7001287 beLa

3I

5

i5

.4,,



"Moddi #4 -A porallel pldte cipocLctor -filled with
"thr-ee dielectrics 11,1k2, k3

(1/0C) (dl/kl*e0MA) +(d2/k2Z*eO*A) +(d13/1k3½*eOA)
*U C*(VAZ)/2

* U1 (:t/2)+e@*k1*(E1A2)*volujmIIe
* 02 (1./Z)+eO*k2-*-(2A2).*voI.uiie2

* U3 (1/2)*~eO*1k3*(r-3A2)*voltuii&ý3
*voluntel. -A*dl

$valumie2 -A~d2

Svotutne3 A*d3

E g 1mic* .

U U1)1+ U2 + U3

.1 1. 1 ~ 1 1 .



St.inpmt: Ntmwe QUt~iu L Qtjj

1.86 Id
2 1(3

jivoluuie2 ItIculbed
1.3538 1:volI Will~

IIi 6i69V' vo I/ll
5.1- Z 5.iGbGl7 vol. s/mt

E3 270M6 vo I-lil
30 U joule(s

Ul ~J outcis

U3 joukes

.3 be Lo

.5 gaunvtu
.0081 A s

V Iticube'd
(dl1 III
eO (-tOt~llU~lbSS

d3 v

36
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(IModdit #5 - A porrillet pAIo~e cupocitori Fi lled wi i~h
"htlrlee dielectlri cs kI,12, k3, k4

(1/C) -(di/k1*eO0*A) **- +rk*PA , (d3/1k3*½0M) +1 ('14/1k4½*eA)
U C*(VA2)/2

02 - (1/2)*eO*1k2*(F2A2),*VotjldieZ]

U4 (1I/Z) *eOI k7* ([--1A?2)+Vol Ui ue-

voluuiei A*dI
vultiiie2 A*d2
volLiie3 A*d,3
voltae-4 -~A*dl

be- (141:,1(*I

E -~deltU*F4

U U1I UZ -1 03 +i U4
d dI - d2 +e d3 +. d4.

ff I I I I

K _____ ____41

k?

"ql iI

37ft lie



5- L i b m AUniN Conniei iL
C S. it9tFt'1 Frords

1.86 ki1
8.85E 12eo coutlonibss
.0081 A 1q
.003 dz i
2 1<2
.0015 d3iII

V 3.7311-1) vol Ls
01 2.:13821-*G outI s

1:1 6769)' V()l (.S/11

112~ ~~~~ '1 lMt un I w

drvolumue2 
. (*XJ2'13 uuicubad

U113 1.'90411--7 joulies
L 3 338-15 vol LS/lit
'Voluune3 . 00001 21. uuucubed

13538 L vol LA/m
.2 opulu
.3 be La

04- 3.33811--5 joules
E4. 135380 vot Ls/nt
voluuue4- M001701 uuicubcd

1 ~del to
.0325 d i
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I' [C~ I. I I(I c

'~Tables CA C-1o(> sh ow Ih e N 1)1 I'M (tel usli ui s nii.

different.~ heights (z-direc-iioi) IIiI tiw chuiniiiijcr andu diI[cvci i.

de-posit lon 1 wc 1A de9Ct1ItO -ll oII tHe )osiI toli iii of' 1i[ w

wa-iers caii. lie fotund hi sm-Utio 13.

Table (> I shows .VS wh N DR~ for -I. sutis Iiai .e Iicighit 'A' () 1mill

11i 1-110 (11au1ii 1m.tishuip b)011 30) "In 1(I20 m~vit.t Th'i is

(_(JIiC1)0IMi1t5 101 hIIW Silic0ti slihs)5Iie testitig (tIi(TtlY (tIII(-i

Ikase phia1e. Tihe 111tl111IulIiui)C gives, tOw "10111i 1.1111 il1llilt WI

~IId .hi'X,y vMSHIMIii OF theQ WvRI('C III IIIV hiile. ~

ex"au iple f1 360 () c( niesi 103I 1( i 111 :1!-)o E()Is ,1( us11(3

W.o Most. o)F Ihe ionsju 'vei Inkelui '11 XY .- 0. Tw\o I11115s

&~ #3807) Wei-C uIna e wiIiihi I'ir %wilins III th e ('I in ber :1 I 0111

- (~~~iII-lCILI1I X,y liosiflt (1 s (seev S ection 1 fo 1 V0I11 Is) nt W) mfll s.

IR1u1 P3~I70 xns I-tl111 ,dier Hlie soIme entiditiotis at. 120) %Vnf;ýq.

The( avel age NiIM at ;/--()II II II Midt8 35 n Wisjwl S) waC V1S

mleagiilt do h)be 3.9¶)tJ.,)Ii' (M)() nig/ilini mlii. NJPR vflues 1,01

k (1_ý
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Norjllaliqýed .lDep~oillioll I.t.tate (,or Z_=()

RUN # i~iatetet RC Tiie VIMass NI.)R

(1'1111) (w atIs) (,id 11) (Ini g) (t,, /l,,,,,iA 111111)

339-0 1.01.6 3 5 360) 1 I. 05 )It, .( 1 6

339-90 10 1 .6 35 360 I .44 3.9 H14-06

339-180 1. ) 1.6 35 16(0 .11.69 4i.0IF-- 06

339-270 10 (1. 6 3 5 3610 1_.2. 4.21(--6

307-) '10 1 .6 35 180 4.89 3,l.8 06

307-90 10 I .6 35 180 5 .cY2 4. 1 E-. 06

307480 11)1.6; 35 180 5.:3V2 3.6F, 06

03{7-27(0 10(1.6 I Ht Si. 16 (16

:iAv . 3.1(; ).,5) 0- fil

II

-"t: ' . ...... .....'370 -0 101 .6 120} 168 9.741 M )1 Il

,,+370}-90} 10t.6 12{ 16;8 .. ;,1 .9 1¢ M,

[ '!VV•= 7. 0i 16) V-1!6

Jill I I
IN -ra



Variy Wv(ith x ,y posit (ion. 1'( NIM )inf 1 2.0 wv~itI w \V-i

7.0Jý0.2J1i,-M; ,md~ cu x wipmul to ;1 RVI/( 1I1cw~mct. III the 1NIM)

TC'AblC (C-2 sh~ows~ the NI )k [Or ,I subtslrnih liv~~igh. ()1 '7111111

ini II 1 chnm'oi I [I.I 30) mi 1 210 wvat.t. F'or :30 w.1t.t.1 thcli N 11 .

decit-vas xvKiI ,cII ItIcie"Isce In hevight (Co V,1m (~ie f

2.G (O(.G( ;)E 06. The ire wos also a dvckviqe heIi NIM )k o I20)

Which(1 isi ,III ii(ou fr8 1ipIlv)il( to 30 W,11.1s,

T.Ibi) (C :i shlows 111c, NIR ) ,01 ;1r o wigIt. ofI)[ ii III the

ciimiitwi- at. 30 tuid 120 Nvtl.iq. Tihe NI M Ith clereoseil I'M- 1)01

Iuovcis n[. 111s milt. /\ ) ots Ie~ IN4li deciens'~r(I hi

I .(01 )' 6,whIle nt. IV() wit.tthe NlId r\tm dci ewdl It)

2.7~ F\0. 2)) 1 i G)

O)0-CC. IFdI hioth poxwcr3., NIM4 deci ewses 1imIlxY 15; 1lw

c] l,1l1lher IheighI t 1leni s Th 'II ic i ugh 1mij 'ver c'le"I hy Im. Ia'



in in)•Nornivillizedlle{:•l {i lRatex F'{r Z7.-'1 mlvl

• RU N Itl i)iam cte lR, Tlim el• M a",';< lNql•1

vir (111111) (w all (Illill) (il1g) (111lp/illilllAT.

364-0) I 1..() 30 I 81 2.(3 82..0 (),

364.-1-M IU10 .6, 301 18 (.8 2 1*( { 6,

364,4-1.8(0 ! I .) 30( I8(0 2.' '2..1I )(

364-270}U 1 1.() W 1.80 2.85 ).)1' 0, 5

av, - 2W A. 6.{)I-1) 6

331 .-4) .(1.6 125 60 2.-07 4.3 F' 06

331 -90 I I.( 12. 65 '2.)3 4..817 6

33 1-.I H 101.6 125 61) 2.2.9 4.71K ot;

33 .-271 101.6 125 60 2.M.,1 5.11l 06

AI I



_Tab~le C2-3
€ " "I

.RUlN t 12iafei( ' IItf "lilie MoIIss NJI W,

(1111). (w allq I Ust) {t1U;) ý1,11,/Ulnll^) will)

376-0 l{} .6 3( 1 1 1'!0.53 .1.1-61 0(6

3'76-90 101.6 30 1.80 I .67 1. 11 )6

376-18() 10 1.6 30 1.( I .46 1..I, U I

376.27() 10 1.6 10 180 I .1') 9.71 . 7,

AV(I- I.1{. 0 )I (0.U

I

375-0 I()I .6 12( 1A I IM ". 2./1; M

375-901 101.6 12-0 1) F.1. 2.8C1 (W)

375-180 101.6 12.)0 .18 0 (1.11 ),81; 06

"3,75-"70 1(01.6 I1'() I N8 1.2' 2.91; 0o

"" iv ,, --- 2..7(.2.) IF 0(.4

I "I S 2_- 2_I .. _- ... :• •J. }".... .



Il~fie il dm ~ ht Impl 111. 'I11cs'lte ! c ouleimsIe owl I1)1U 1vtllhI

ni. II(- vnilm", 1101[11 . Ths wil h

d~sc ';S-,d II lle lex swclmI

F40m C , shwm e I hl m~shp hhvvel 111 WnII

powo 10. (111Cvid111~wl mvos :[ I

0i I'lIt e 1 111 ) 111. TIp p l c ih m " 11:

L~ lor f d - o- v sIIII )1 ,1iIIc )III(xp
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walt s. Pi3f IL I et Is n1 steep) iI1crvalsc whle t1 Ii ('v)\VU is

Im"I uc.~ (~le h 1.5 k! vlfI S. Al. ti s j)oweIIieCli i.I i 1 11eS

-c (hV~ e i 3de C ilIIiC ( Ilsj(II1111 ep osil~o )t 1 1 w3(I

SIIOi w l(S.I Ot /iiiiiir J!,"Ifl-3 llAc1)I 1cm.rs olii \eIpos)~v isllmei ()It

lust(.iLdhiIIl sippmIeihl~s. And Iwly [i() kvig(" 'm thieeie (hpoil ("iI

is I t llýIII.'-i I iijCn Ile~' oi~hui ~ Ii s te , W l

leve~gl' t-dv mI 2()111 ghlls. IItsi~ s , m ls11 i,

ch."lly .1 il-g r d .l))s~ (MI1110 [()1 (118(ý S~hS(_,I(S 11:11 H

SI coilailingAl 1 0 m tis(li- clmig li NI

.I h gc '",(I( SI ol~hilif"lhsv't1/Whc

vell 1111(ý dc wil em-c IM w !llh.h;Ic,' 111 il m~e
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ExJ)criIIICI 114

()bJect iv T O (ht~IIICI e (AR fct s () (fotoullIIIIg I IeIve~l b~

Proced IIre: SOYtI~ %Vvrw(- iitehl-onii- gliss (2 ('ii mi1 2 Al ei m~)
P1 Im h~) ujftIl 11g, '-lItIIIIIII III fo)il lead'ls %WPic 8(tOlu' to thle

(ATh 01o-mv Al phfl~1(l and ' mw.Cu phlit unIingstIii,1l pleeeM (;f
Ai-'icy- hui-an (64. 01) GI Ojb (' ~ohev (IJ u 1eh cdat Mid(I

Sod(lC1 lig Ilotl.I ., 181e r I tii 111m-cd il ,1 wv(l leIl
V,1I[)o1 c(.alCwid Ill .1eel.oiie Viil)(1.
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ExperimientL 15

ObjectI ve. To ub~tilii thilckcr I1Iii119 1, Ilflit iow I)Ie-Vi)(IqIY di(j)p5oiCIt oiII

Were cleanled bY IIlilsing With 1,11) water andl(I dred III acetone
vajporg. ha te1.c Were weigh ied. I ical I'a e (cuit) Were a ipi ilcd as

Shown; III the( (liagwilan below.

0iak( JC ctaJ l)Iic~s lt;htrha



ck"ExpeI nt I( )I I

A 1 *21 (i)fl, ()I? e A l1m l to-, ,11 ,111u' 1 plnfcteI lo All~ee wciv of wvw'

Vaos 2~lswt -)1-ti~flled( e~hcllt fil)la(-~ Alld Ivcf'hed (),.

tnhs a1u1( pla7ced tilk 'I P1(1co1 Q111111hv(l 1s, sh1own III (I ie
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The niext p1harse of, 1111,C;(designi Is II( leSi U' 01, orcompljosite

(lesign. It' ther to[ b~) (81 e ca lack ()F 8egrcevili('it b eihV~ee

thi, average resI)ponses of* (lie cCI iler 1)11it f or1011 1111ca1 Ity,

fbur11 st rit polints narc 18 ken lo( e1 lier. Ti' tse points 1 (1oi i(! WIll)I

Iiew Ialucv llfir' I hlle l8,11(1d1i117,C( 811(1 (1c 1III1J)ort 8111 eliects 8111d

lilt cract bul s cal be 1 (let eiiiitticd bjy :I linear un1g;.essiloi .

Friom 1.1is. Iiiloiila I onl 11 ref~pouise curVe., whlichl Is al

(I ir-e-dhiien t 101181a plots Ill )1W5(li respos )OISC lI i si I I U

IfacIo-S , Is plottled. Thi's CUMlV Sh ouli d s )8I ;(Il, sonc [1 gfe 811(

fHilis Indlicates the. aicas of IiflIn iiiu an(d iiiluiii

expel] iieii 81 J )8[811iu1~s.

11. PLANNED TECHNICAL ACCOMPLISHMENTS

Thie 1ollowitig nre p~lanniled Whi~lic,1I .8ccomipjJisIIIIi(5rlf (o1 be

I'14Reeieli W(Thu ( lit wcI(' Jlic'ic(e.fle (Im I111g I he ~J1tiI~ I - 3.

199~4 T1echnicall l'\ceI Iig at ANT'I:

(1) All ci- the ntew flow iiefer's aic Insisalled, (lie A&T segilielid ol

filie resenic tlIenni wvill redo 14kxjedini cid 8i ii (sve Ap-1 d' iiIx 2

fouu Ili ohcll.C(tvr and procedlmie (A FExpetinwifil f/ 5) mltin~lg

-illy a(l~ISIillei(54~ Ii( essml k) to ('OllelO Mle f110 jafes

Iliv 141111vX~-1I11r 1L.;v.A l I - u llc (111 1Y I mm rm ~ -j- ;i IA

mid AR1?



readins of* II( ldflw ontroll($ers ml thdepos xitiion sselal

Wj -d ic lw-lces

I Fxpe inev~i~ It 6I (-ind Its purpjose IiiI\I)AppendX x ) H ci

~ p stbst-nates VAII ber 12 g1nsF, j)1flt0" oil wilch lI iiiiiiIIIIIIV/(

coj))er (Ai11l Cui~ X) f'Iliis I Ii~ve been~ I (t'f0sit(l. by nX

sttildaidize. I physica~l2 V.1poi (Ipoj)itIio 1 pi ocess IiIzItig
-esIS1,ieI~i a.'1Ie:itlfIi l~wrvill he iminnitiily 2

11111011 I Ililk midi~ d~1iI be ('X,1I1iineI d ploi c iidjOlIl

toc) risti supiwior ilis m theS~i i11 Al/l~o ('ii hI the pli.,;s

10,000) ;)si as Iiwlaured( by (Ile Se('IastIhIii III 'odlicjeItre,

All f)StIhtO , oihinec %iiuu bde tofl (Iwthe 1 iV&I(' 111 size ý t1 hu

(fC1)0 tIII011(~IiaIv') nii A&.Te depoi s xiii 1n pa(Ilihlefuho ('11c i h

b2 exceptUIOS t i f,()I0, hII re (111fil(vie1i1it.II v. thlicirleIss()I the

depostse wll bo~!u('~ oe eliii' e n-('~11 vtt t 1ahl e Svi ii iit cte I )i,

Jiluus oiiell Ii,(i ll of ANT ~ui uiI onl '7(n' - cci 'ieti o I4. wiuiof ith

low,3

slih tines 1'. lic 1111 (d~c ) Ih ph s~c l Sie ( Ih

depo itin M ce 1111 wil heIc(llied t (,)"I HI



1/7 andI Its puirpose III Appendix 2). Tie stibslinies IVIII. be 12

glass IIlatcs suplied)IC. by AR A /0 E i iidiaiiiii ii1

ciopperC (Al/i /X ( fil) l tu 11-caj depoited(C hy a si t(l~lI7Aldid

phIysical vapr d0eIC)pI osill proce(ss itt ilizin I- esist fT ice

lieal lug. 'I'le mcheil Ifinloy her %Vilil br w~Iiniilfly 2 1111(1otIs

thitck and1 shaull be ex"vililiied prilor to DIS dL2(epositl lo k()

eji sti ic si merier nd i us lon of t i l/I (iu I (I f gloss;

(samlesj~(' lett'5C should( 'xhluiit CmIllstlisO1 greater- thou h

10,000 ps i s Itteam i ed hy (Ilie S11elnsi loul III ad ireut ce

testeri.) Nine of th1ese~ )lOI NS ill b~e 1i(17c( tie a

shidardltF( zed pro(cess so thi -I Ai l A 2 () 3 Inv'er of' 1tot iiitiill

thiuckness of aboitt. 0.3 inicikuois Is loruined1

All 2 of(liesi -atiles will hr coated xvithi -I DL)A Him usiti

flue PE'CVi) technuiqute at A&T III which tlhe (l(jostlimlo

pVuniluu'elis, are' dl~iO'uic~li except~ Fol. the I line of (Ile iii i, I. c.

Iictkuiess, of, IIIe deposits will lbe (li11c i~ueuo vt1 e

Sluice fluv e (pjosi(Ilt sysh ciii WihilzCt nt A&Ti cIl ouIy acci

lorn ([lie Silbtl)Slefs III o01W I11 (ti ((ir flt('~ iphsicS1lu Size of

filie (ih)osI(ioui ('lIntiubl)(' , thic ( lllv wiuxill he wiqt~lied h) co'd

file I2 siubstinales; miitt Al-out glass pdini AvlIli 1 l1(cc

Al /Ai 12 0 3-oil -glass pla s wvill counj uise vcad ItiUIi. TilI I ee

LF

I~c i odccdI
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API'[NIIIXI

M~ASS [ITM M I~'¶ FRl
CONVERSION rAC'IORIS

(;ASSYNIHO[ CAL1131IATIWN IAL SEVVIING

Acrtylte" (1f 005

Ar NilA 1.44

Ar ime A.91 P .66

Bioroni Tti chloride B~(1T 39

flt II r~, [tif-, 61

C Ia i ~(I' .84

* Iiboralle It'l l, 14

tUiciulnrosWinrl ~it '(

1J~F~au .itfylSarlq (Ill') 2 'Aitl7 23

L lliei I I' I 1

IrV I Fi onqr i- (1t IIi 102

I lydU uni t ( If,1l.l I (Y)
I I y(Iraqcis I P1o d I If-

I Id nr,1 f lrm ide I Pi I0

IIyldroqet, Sulfide I

Nitric (.)i did r
Ip

Nn us (\,ida i)7

PF o jlim ne I' F

Pr apii -i e.( 'I '1

I I I In f X.101101 41

-X trio i X

ir - -i""



Experimenit #5'

AI-oii-~~Iflas plalmtu oiiI lo nii ~e, caijpi1foI (1cvievs oil I ofI 1I miii

fIlocedtijc: sustilhtc1t'& VweI( aIttiiiiittiii-oii glass4~ (IclinhidiIIy phiacs-. I'In1em
wv.-' ecliiealed 1)) itiIR11F~ With I ll mlc n~7i( I dlud ( In m-c loelfli

Ilmske(Io)v(I theO.(V fnh II(k 111 )I pickis(4( At~ (61K Litc I). l

I'l p 1sfITod(I l-yil iI1(Ie5. fow (hl ciecir vlter ste4f I'llc (I phI~wi \Orfl(

* I 2) I~~(or (Ilbl icalcd144 w i '1I(Oil E D \'(IA:p( offis j4:Ile Mill f4814 :;Ic
lliFI111 (1d wt ''I)1( uI I ( '(I14 I( 4

E2 q 8 eti-
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